Abstract. In the present work, new polynuclear non-fused bis-(1,3,4-oxadiazole) compounds were obtained through Huisgen reaction of bis-(5-oxy-(1H)-tetrazoles with acid chlorides. Bis-tetrazole VIg was obtained from the 1,3-dipolar cycloaddition reaction between suberonitrile and sodium azide in DMF. The prepared compounds have been characterized by IR, 13 C NMR, mass spectroscopy and elemental analysis.
Introduction
1,3,4-Oxadiazoles exhibit relevant biological properties and a wide variety of applications, in particular as active compounds in both medicine and agriculture. They are key fragments of various drugs, from antiviral agents to antidepressants [1] [2] . The substituted oxadiazoles are heterocyclic compounds, which serve both as biomimetic and reactive pharmacophores and many key elements with potential biological activities such as pesticidal, antiperipheral vasomotility, CNS stimulant, antiinflammatory, hypotensive, insecticidal, bactericidal, hypoglycemic, analgesic, anticonvulsive, antiemetic, diuretic, muscle relaxant, herbicidal and fungicidal activity [3] . Furthermore, 1,3,4-oxadiazoles are potentially versatile compounds converting other hereocycles such as 1,3,4-triazoles [4] .
Aromatic oxadiazole based compounds have attracted special attention in the context of research on organic lightemitting diodes (LED). In 1990, Adachi et al. reported 2-(biphenyl-4-yl)-5-(4-ter-butylphenyl)-1,3,4-oxadiazole can act as an excellent electron transport material (ETM) in an organic multilayer EL diode [5] [6] . After this report, many researchers began to use various kinds of oxadiazole molecules to obtain high EL performances. The oxadiazoles feature high electron affinities, which in turn, facilitate both electron injection and transport processes that is important in molecular and polymeric LED devices [7] [8] [9] [10] [11] [12] [13] .
Nonfused bis-oxadiazoles are interested systems due to their luminescent properties and the possibility of using them as scintillators [14] . These compounds are also show biological activities. Maslat et al. demonstrated antifungal and mutagenic activities for bis-oxadiazoles I-IV, Scheme 1 [15] .
In addition to 1,3,4-oxadiazole compounds, polymers containing oxadiazole units have been widely used in experimental devices as both electron-transporting and hole-blocking materials [15] . These polymers are thermally stable due to presence of oxadiazole moiety [16] [17] [18] [19] [20] .
These interesting properties of oxadiazole polymers encouraged us to focus on the preparation of thermally resistance polymers containing 1,3,4-oxadiazole units. We recently reported the synthesis and characterization of new polynuclear bis-5-oxy-1H-tetrazoles [21] . In the present work, new nonfused bis(1,3,4-oxadiazole) systems (VIIIa-VIIIg) have been synthesized through Huisgen reaction of the bis-tetrazole compounds with aromatic acid chlorides. These compounds can be considered as model for the polymers obtained from the Huisgen reaction of bis-tetrazoles with bis-acid chlorides [22] . The prepared compounds have been characterized by 13 C NMR, IR, and mass spectroscopy methods along with elemental analysis (CHN).
Experimental Section Instruments
Bruker 75 MHz (Urmia University, Iran) spectrophotometers. The IR (KBr) spectra were recorded on a Buck Infrared Spectrophotometer Model 500. Mass spectra (EI, 70 eV) were obtained on a Shimadzu QP-5050 17 A. Typical procedure for the preparation of bis-tetrazole compounds (VIa-VIf). In a 100 mL two necked round bottom flask equipped with a magnetic stirrer in an ice bath, bis-phenol compound (4.3 mmol) and cyanogen bromide (9 mmol) was dissolved in 10 mL of dry acetone. A solution of triethylamine (0.91 g, 9 mmol) in 5 mL of dry acetone was added drop wise to this solution at 0-5 °C. Triethyl ammonium bromide salt is gradually formed as white precipitate. The reaction mixture was stirred for additional 30 minutes, filtered, and the clear filtrate was added to the suspension of sodium azide (0.96 g, 14.7 mmol) in 5 mL of dry acetone at room temperature. The reaction mixture was stirred and refluxed for 90 minutes. Water (10 mL) was added and the solution was concentrated under reduced pressure. The solution was placed in ice bath and acidified by drop wise addition of concentrated hydrochloric acid, while vigorous stirring. The precipitate of bis-tetrazole compound was filtered, washed with cold water, and re-crystallized from ethyl acetate and hexane [22] [23] . Bis 1,3,4-oxadiazole (VIIIa). In a round bottom 25 mL flask equipped with magnetic stirrer bis-tetrazole (VIa) (1.48 g, 6.0 mmol), benzoyl chloride (VIIa) (2.25 g, 16.0 mmol), and pyridine (1.27 g, 16 mmol) were refluxed in 5 mL of sodium dried toluene for 4 hours. Nitrogen cessation was occurred at 69-71 °C. Solvent was removed under reduced pressure and the residue was poured into 20 mL of%5 NaOH. The mixture was stirred for 30 minutes, filtered, and washed with distilled water. The crude product was re-crystallized from mixture of methanol and water.
Yield 
Bis 1,3,4-oxadiazole (VIIIe).
In a round bottom 25 mL flask equipped with magnetic stirrer bis-tetrazole (VIe) (2.12 g, 6.0 mmol), benzoyl chloride (VIIa) (2.25 g, 16.0 mmol), and pyridine (1.27 g, 16 mmol) were refluxed in 5 mL of sodium dried toluene for 4 hours. Solvent was removed under reduced pressure and the residue was poured into 20 mL of%5 NaOH. The mixture was stirred for 30 minutes, filtered, and washed with distilled water. The precipitates was chromatographed on silica gel column using 40:60 ethyl acetate:hexane as eluant (%28 yield), and then re-crystallized from mixture of dichloromethane and hexane.
Yield 1,3,4-oxadiazole (VIIIf) . In a round bottom 25 mL flask equipped with magnetic stirrer bis-tetrazole (VIf) (1.78 g, 6.0 mmol) and 3,5-dinitrobenzoyl chloride (VIIb) (3.69 g, 16.0 mmol) were refluxed in 1.5 mL of pyridine for 4 hours. Nitrogen cessation was occurred at 73-75 °C. The mixture was then poured in%5 NaOH, stirred at room temperature for 30 minutes, washed with distilled water, dried at 50-60 °C under reduced pressure, and then re-crystallized from mixture of dichloromethane and hexane.
Yield Bis 1,3,4-oxadiazole (VIIIg) . In a round bottom 25 mL flask equipped with magnetic stirrer bis-tetrazole (VIg) (1.50 g, 6.0 mmol), benzoyl chloride (VIIa) (2.25 g, 16.0 mmol) and pyridine (1.27 g, 16 mmol) were refluxed in 5 mL of sodium dried toluene for 4 hours. Nitrogen cessation was occurred at 70-72 °C. Solvent was removed under reduced pressure and the residue was poured into 20 mL of%5 NaOH. The mixture was stirred for 30 minutes, filtered, and washed with distilled water. The precipitates was chromatographed on silica gel column using 40:60 ethyl acetate:hexane as eluant, and re-crystallized from mixture of methanol and water.
Results and Discussion
As a part of a continuous research project for preparation of thermally stable polymers containing 1,3,4-oxadiazole moieties [22, 24] , in this work, the preparation and characterization of new polynuclear nonfused bis(1,3,4-oxadiazole)s (VIIIa-VIIIg) by Huisgen reaction between bis-(5-oxy-(1H)-tetrazole)s (VIaVIg) and acid chlorides (VIIa-VIIb) has been reported. The rearrangement takes place between (1H)-tetrazoles and acid chlorides through a mechanism shown in Scheme 2 [25] .
Compounds (VIa-VIf) have been obtained from the corresponding bis-phenols, which converted into bis-cyanoester and then bis-tetrazoles upon reaction with cyanogen bromide and sodium azide, respectively [21] [22] [23] . Bis-tetrazole VIg was synthesized from the reaction of suberonitrile with sodium azide in the presence of ammonium hydrobromide in DMF as reaction medium [24] .
The prepared compounds can be considered as models for polymerization of bis(1H)-tetrazoles with bisacid chlorides [22] . These polymers are interesting materials due to their high thermal stabilities and optical behaviors. The reaction sequences have been shown in the Scheme 3. As clear from the experimental section, the reaction conditions were not uniform. Compounds VIIIa, VIIIe, and VIIIg were prepared in toluene as solvent and in the presence of pyridine as base, while the best results for the syntheses of compounds VIIIb, VIIIc, VIIId, and VIIIf were obtained in pyridine as solvent.
The synthesized compounds were characterized by conventional methods (IR, 13 C NMR, elemental analysis, and mass spectrometry). In the IR spectra of the bis-1,3,4-oxadiazole compounds significant changes were observed. Tetrazole ring vibrations which observe at 3000-2480 cm -1 as a complex and strong pattern is completely disappeared, and the -C=N-stretching of oxadiazole ring observes at 1535-1550 cm -1 . Fig.  1 shows the typical assigned 13 C NMR spectrum of bis-1,3,4-oxadiazole VIIIb. Two oxadiazole ring carbon atoms appear at lower fields (172 ppm and 171 ppm).
Molecular ion peak was only observed in the mass spectra of bis-1,3,4-oxadiazoles VIIIa and VIIIg. In the Fig. 2 and Fig. 3 the mass spectra of the compound VIIIa and VIIIg are shown.
For the other higher molecular weight investigated compounds, molecular ion fragments can be distinguished in the mass spectra. The fragmentation patterns for compounds VIIIa, VIIIb, VIIIc, VIIId, VIIIe, VIIIf, and VIIIg are shown in Scheme 4.
Conclusion
A series of new polynuclear nonfused bis(1,3,4-oxadiazole)s have been synthesized by Huisgen reaction of bis-tetrazoles and aromatic acid chloride, (Scheme 3). Bis-tetrazoles VIa-VIg have been prepared according to previously reported method through two step reaction of bis-phenols with cyanogen bromide and sodium azide. The prepared bis(1,3,4-oxadiazole)s can be considered as model compounds in the syntheses of new thermally stable polymers containing 1,3,4-oxadiazole groups in the main chain.
